ABSTRACT: This paper investigates the effects of sample preparation method on the density and California bearing ratio (CBR) of a cohesive soil. The samples were prepared at two moisture contents (dry and wet of optimum) by consolidation and compaction methods with various efforts (energy). The density and CBR of these samples were than measured and compared. Results of these tests indicate that, at dry of optimum, samples prepared by compaction method yielded higher density and CBR than samples prepared using consolidation method. On the other hand, at wet of optimum, the density and bearing capacity of samples prepared using compaction method were lower than samples prepared by consolidation method. It is evident that over-compaction occurred for samples prepared at wet of optimum using compaction method.
INTRODUCTION
Standard (ASTM D698) or modified (ASTM D1557) Proctor tests are usually performed in conjunction with field density tests for the quality control of earth works. Despite the fact that compaction energy applied in the Proctor tests (falling weight) is different from that of field earth works (static or vibratory), this method is still by far the most common standard used by the civil engineers. The effects of compaction energy on the properties of compacted soils have been studied by several researchers, such as Marinho and Stuermer (2000) , Drew and White (2005), Indraratna et.al. (2012) , Anjaneyappa and Amarnath (2013) , and Vinod et.al. (2015) . However, relatively little research has been focus on the effects of how the energy (i.e., dynamic, static, or vibratory) was applied. In this paper, the effects of energy and its application method on the properties (density and CBR) of a cohesive soil were investigated through laboratory testing. Results of these tests are presented and discussed in the following sections.
METHODOLOGY
In order to study the effects of energy and its application method on the properties of soils, California bearing ratio (CBR) tests were performed on compacted and consolidated samples of a silty clay. A grain size distribution curve of this silty clay is shown in Fig. 1 . It contains 3, 43, 32 and 22 % of gravel, sand, silt and clay particles, respectively. The silty clay has a liquid limit (LL) of 24 and a plasticity index (PI) of 7, which can be classified as sandy silty clay (CL-ML) according to the Unified Soil Classification System (USCS).
FIG. 1. Grain size distribution curves of the silty clay used in this study
Both the standard and modified Proctor tests were performed on the silty clay. In order to study the effects of compaction energy on the property of soils, samples of the silty clay were also compacted at reduced energy (25 and 15 blows per layer). In addition, samples of the silty clay were also prepared by applying static forces of 0.4, 2 and 4 kN (in 3 layers) using the apparatus shown in Fig. 2 (2) where P: applied force d: settlement of the sample under the applied static force
RESULTS AND DISCUSSION

Compaction Test
Compaction curves from the standard, modified and reduced energy Proctor tests are summarized in Fig. 3 
FIG. 3. Compaction Curves of the Silty Clay
unchanged. In contrast, both the CBR and  d remain almost the same regardless of the variation in E when = 11.5%. It is obvious that, for samples prepared at water content higher than the optimum moisture content, over compaction occurred thus reduced the dry unit weight and the CBR of the samples. The effects of compaction energy and water content on the CBR from standard Proctor tests are shown in Fig. 5 . For samples prepared at water content lower than the  opt , CBR of these samples increases as compaction energy (blows per layer) increases. On the other hand, when the water content is higher than 15%, higher compaction energy may even reduce the CBR of sample. It is obvious that over compaction occurred at high water content in the standard Proctor test as well.
Consolidation Test
The effects of consolidation pressure (applied stress) on the dry unit weight and CBR for samples prepared at two water contents ( = 14 and 18%) are shown in Fig. 6 and Fig. 7 , respectively. It can be seen that at low consolidation pressure (= 20 kN/m 2 ), both the dry unit weight and the CBR were not influenced by the water content. On the other hand, at higher consolidation pressures (= 110 and 220 kN/m 2 ), both the dry unit weight and the CBR increase as the consolidation pressure increases. The effects of water content are more significant on the CBR than on the dry unit weight. It can be concluded that both the compaction and consolidation energy are more effective when the samples are prepared at low water content.
Comparison Between Two Tests
The effects of applied energy on the dry unit weight from The effects of applied energy on the CBR from the two tests are compared in Fig. 9 . The CBRofdry samples increases as the applied energy increases in both tests. In contrast, CBR of the wet samples increases linearly with applied energy in consolidation tests, but remains almost constant in compaction tests. Furthermore, CBR of wet samples obtained from consolidation tests are higher than CBR obtained from compaction tests, despite the fact that higher energy were applied in the compaction tests. From the above comparison, it is evident that, at high water content, over compaction occurred in the compaction test. It reduces not only the dry density but also the bearing capacity (strength) of the silty clay.
CONCLUSIONS
The objective of this paper is to study the effects of energy and its application method on the properties of soils. Based on results from the tests performed in this study, it is found that dynamic compaction can produce higher energy with relatively small hammer mass. Samples prepared by compaction also yield higher dry unit weight. However, over compaction occurred when the samples have high water content. It can reduce the bearing capacity (strength) of the samples in comparison to those prepared by consolidation. 
